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piN → ωN in a coupled-channel approach
G. Penner∗ and U. Mosel
Institut fu¨r Theoretische Physik, Universita¨t Giessen, D-35392 Giessen, Germany
We describe the piN → ωN cross section from threshold to a center of mass energy of 2 GeV in
a unitary coupled-channel model and analyze it in terms of rescattering and resonance excitations.
The amplitude is mainly composed of D13, P13, and P11 contributions, where the D13 dominates
over the complete considered energy range. We also outline the generalization of the standard
partial-wave formalism necessary for the decomposition of the ωN final state.
PACS numbers: 11.80.Gw,13.75.Gx,11.80.Et,14.20.Gk
I. INTRODUCTION
The reliable extraction of nucleon resonance properties
from experiments where the nucleon is excited via either
hadronic or electromagnetic probes is one of the major
issues of hadron physics. The goal is to be finally able to
compare the extracted masses and partial decay widths
to predictions from lattice QCD (e.g., [1]) and/or quark
models (e.g., [2, 3]).
With this aim in mind we developed in [4] a unitary
coupled-channel effective Lagrangian model that already
incorporated the final states γN , πN , 2πN , ηN , and KΛ
and was used for a simultaneous analysis of all avaible
experimental data on photon- and pion-induced reactions
on the nucleon.
In an extension of the model to higher c.m. energies,
i.e., up to center-of-mass energies of
√
s = 2 GeV for the
investigation of higher and so-called hidden nucleon res-
onances, the consideration of other final states becomes
unavoidable and hence the model is extended to also in-
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FIG. 1: Total cross sections for the reactions pi−p→ X with
X as given in the figure. All data are from ref. [10]; the lines
are to guide the eye.
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FIG. 2: pi−p → ωn total cross section. Solid line: full
calculation. Dashed line: calculation with gNNω = 7.98,
κNNω = −0.12. Dotted line: no rescattering. Dash-dotted
line: nucleon contribution ignoring rescattering. For the data
references, see Sec. IV.
clude ωN and KΣ. As can be seen from Fig. 1 for√
s > 1.7 GeV it is mandatory to take into account the
ωN state in a unitary model. Furthermore, ω produc-
tion on the nucleon represents a possibility to project
out I = 12 resonances in the reaction mechanism. How-
ever, the ωN channel resisted up to now a theoretical
description in line with experiment. Especially the in-
clusion of nucleon Born contributions [5] overestimated
the data at energies above 1.77 GeV and only either the
neglect of these diagrams [6, 7] or very soft form factors
[8] led to a rough description of the experimental data1.
However, none of these models included rescattering ef-
fects or a detailed partial-wave analysis of interference
effects. As recently pointed out [11] both lead to strong
modifications of the observed cross section; see also Fig.
2.
The aim of this paper is to present the results of πN →
ωN within a coupled-channel model that simultaneously
1 Note that Ref. [8] did not use the correct experimental data, but
followed the claim of Ref. [9]; see Sec. IV.
2describes all pion induced data for πN , 2πN , ηN , KΛ,
KΣ, and ωN . Hence this analysis differs from all other
investigations of πN → ωN in two respects: First, a
larger energy region is considered, which also means there
are more restrictions from experiment, and second, the
reaction process is influenced by all other channels and
vice versa. This leads to strong constraints in the choice
of ωN contributions and it is therefore possible to extract
them more reliably.
We start with a short review of the model of ref. [4]
in Sec. II, where we also present the way the ωN final
state is included. As a result of the ω intrinsic spin the
inclusion of this final state requires an extension of the
standard partial-wave decomposition (PWD) method de-
veloped for πN/γN → πN and γN → γN (see, e.g., [4]).
Such an extension is provided in Sec. III. In Sec. IV our
calculations are compared to the available experimental
data and we conclude with a summary.
II. MODEL
The scattering equation that needs to be solved is the
Bethe-Salpeter (BS) equation for the scattering ampli-
tude:
M(p′, p;
√
s) = V (p′, p;
√
s)
+
∫
d4q
(2π)4
V (p′, q;
√
s)
×GBS(q;
√
s)M(q, p;
√
s) . (1)
Here, p (k) and p′ (k′) are the incoming and outgoing
baryon (meson) four-momenta. After splitting up the
two-particle BS propagator GBS into its real and imag-
inary parts, one can introduce the K-matrix via (in a
schematical notation) K = V +
∫
V ReGBSM . Then M
is given byM = K+i
∫
M ImGBSK. Since the imaginary
part of GBS just contains its on-shell part, the reaction
matrix T , defined via the scattering matrix S = 1+2iT ,
can now be calculated from K after a PWD in J , P , and
I via matrix inversion:
T (p′, p;
√
s) =
K(p′, p;
√
s)
1− iK(p′, p;√s) . (2)
Hence unitarity is fulfilled as long as K is Hermitian. For
simplicity we apply the so-called K-matrix Born approx-
imation, which means that we neglect the real part of
GBS and thus K reduces to K = V . The validity of this
approximation was tested by Pearce and Jennings [12].
By fitting the πN elastic phase shifts also using other in-
termediate propagators for GBS these authors found no
significant differences in the extracted parameters.
The potential V is built up by a sum of s-, u-, and
t-channel Feynman diagrams by means of effective La-
grangians which can be found in [4]. The background
(nonresonant) contributions to the amplitudes are not
added “by hand”, but are consistently created by the
u- and t-channel diagrams. Thus the number of pa-
rameters is greatly reduced. This holds true for the
reaction π−p → ωN in the same way, where we also
allowed for the nucleon Born diagrams and a ρ ex-
change in the t channel. In our model the follow-
ing 14 resonances are included: P33(1232), P11(1440),
D13(1520), S11(1535), P33(1600), S31(1620), S11(1650),
D33(1700), P11(1710), P13(1720), P31(1750), P13(1900),
P33(1920), and a D13(1950) (as in [4, 13]) which is listed
as D13(2080) by the Particle Data Group [14]
2.
The resonance ωN Lagrangians have been chosen as
a compromise of an extension of the usual RNγ tran-
sitions [4] [for vector meson dominance (VMD) reasons]
and the compatibility with other RN vector meson cou-
plings used in the literature [3, 8, 15]; the latter point is
discussed in Sec. IV. For the spin- 12 resonances we apply
the same ωN Lagrangian as for the nucleon (ωN → R):
L = −R¯
(
1
−iγ5
)(
g1γµ − g2
2mN
σµν∂
ν
ω
)
Nωµ , (3)
where the first coupling is the same one as in [3, 8] since
the ω is polarized such that k′µω
µ = 0. For the spin- 32
resonances we use
L = −R¯µ
(
iγ5
1
)(
g1
2mN
γα + i
g2
4m2N
∂αN + i
g3
4m2N
∂αω
)
× (∂ωαgµν − ∂ωµ gαν)Nων . (4)
In both equations the upper operator (1 or iγ5) corre-
sponds to a positive- and the lower one to a negative-
parity resonance. For positive-parity spin- 32 resonances
the first coupling is also the same as used in [3, 8]; for
negative parity a combination of our first two couplings
corresponds on shell to theirs. The above couplings have
also been applied in [15] in calculations of the ρ spectral
function.
Each vertex is multiplied with a cutoff function as in
[4]:
F (q2) =
Λ4q
Λ4q + (q
2 −m2q)2
, (5)
where mq (q
2) denotes the mass (four-momentum
squared) of the off-shell particle. To reduce the num-
ber of parameters the cutoff value Λq is chosen to be
identical for all final states. We only distinguish between
the nucleon cutoff (ΛN ), the spin-
1
2 (Λ 12 ) and spin-
3
2 (Λ 32 )
resonance cutoffs, and the t-channel cutoff (Λt), i.e., only
four different cutoff parameters.
From the couplings in Eqs. (3) and (4) the helicity de-
cay amplitudes of the resonances to ωN can be deduced:
AωN1
2
= ∓
√
EN ∓mN√
mN
(
g1 + g2
mN ±mR
2mN
)
, (6)
2 Note that the mass of this resonance as given by the references
in [14] ranges from 1.8 to 2.08 GeV.
3AωN0 = ∓
√
EN ∓mN
mω
√
2mN
(
g1(mN ±mR) + g2 m
2
ω
2mN
)
,
for spin- 12 and
AωN3
2
= −
√
EN ∓mN√
2mN
1
2mN
(
g3
m2ω
2mN
− g1(mN ±mR) + g2m
2
R −m2N −m2ω
4mN
)
,
AωN1
2
= ±
√
EN ∓mN√
6mN
1
2mN
(
g3
m2ω
2mN
± g1mN (mN ±mR)−m
2
ω
mR
+ g2
m2R −m2N −m2ω
4mN
)
,
AωN0 = ±mω
√
EN ∓mN√
3mN
1
2mN
(
g1 ∓ g2m
2
R +m
2
N −m2ω
4mRmN
∓ g3m
2
R −m2N +m2ω
4mRmN
)
, (7)
for spin- 32 resonances. Again, the upper sign holds for
positive- and the lower for negative-parity resonances.
The lower indices correspond to the resonance helicities
and are determined by the ω and nucleon spin z compo-
nents: 32 : 1 +
1
2 =
3
2 ,
1
2 : 1 − 12 = 12 , and 0: 0 + 12 = 12 .
The resonance ωN decay widths are then given by
ΓωN =
2
2J + 1
λ=+J∑
λ=0
ΓωNλ , Γ
ωN
λ =
k′mN
2πmR
∣∣AωNλ ∣∣2 (8)
(upright letters denote the absolute value of the corre-
sponding three- momentum). As a result of the limited
amount of experimental data (we included 114 ωN data
points in the fitting procedure; cf. Sec. IV) we tried to
minimize the set of parameters and only varied a subset
of the ωN coupling constants. This also means that it is
not possible to distinguish with certainty between the dif-
ferent choices of the RNω couplings, especially for those
resonances with only small contributions to ωN . Only
more ωN data in the higher-energy region, i.e., above√
s = 1.77 GeV, and the inclusion of photoproduction
data in the analysis [16] could shed more light on the
situation. However, as shown in Sec. IV, the choice of
couplings presented in the following allows a complete
description of the angular and energy dependences of the
ωN production process.
In the process of the fitting procedure we allowed for
two different couplings (g1 and g2) to ωN for those
resonances which turned out to couple strongly to this
final state, i.e., P11(1710), P13(1720), P13(1900), and
D13(1950), and one coupling (g1) for the S11(1650). Since
the usual values for the NNω couplings (cf. Ref. [4]
and references therein) stem from different kinematical
regimes than the one examined here, we also allowed
these two values to be varied during the fitting proce-
dure. But at the same time, the cutoff value in the ver-
tex form factor is not allowed to vary freely; instead, the
same value is used for all final states (see Sec. IV). It is
also important to notice that as a result of the coupled-
channel calculation, there are also constraints from all
other channels that are compared to experimental data,
leading to large restrictions in the freedom of chosing the
ωN contributions.
III. ω PRODUCTION
Since the orbital angular momentum ℓ is not conserved
in, e.g., πN → ωN , the standard PWD becomes inconve-
nient for many of the channels that have to be included.
Hence we use here a generalization of the standard PWD
method which represents a tool to analyze any meson-
and photon-baryon reaction on an equal, uniform foot-
ing.
We start with the decomposition of the two-particle
c.m. momentum states (p = −k, p = |p|) into states
with total angular momentum J and Jz =M [17]:
|pJM, λkλp〉 = NJ
∫
ei(M−λ)ϕdJMλ(ϑ)|pϑϕ, λkλp〉dΩ,
(9)
where λk (λp) is the meson (baryon) helicity and the
dJMλ(ϑ) are Wigner functions. The normalization NJ
is given by
√
(2J + 1)/(4π) and λ = λk − λp. For
the incoming c.m. state (ϑ0 = ϕ0 = 0 ⇒ ℓ = 0)
one gets 〈JM, λkλp|ϑ0ϕ0, λkλp〉 ∼ δMλ, and one can
drop the index M . By using the parity property [17]
Pˆ |J, λ〉 = ηkηp(−1)J−sk−sp |J,−λ〉, where ηk and ηp (sk
and sp) are the intrinsic parities (spins) of the two par-
ticles, the construction of normalized states with parity
(−1)J± 12 is straightforward:
|J, λ;±〉 ≡ 1√
2
(|J,+λ〉 ± η|J,−λ〉)
⇒ Pˆ |J, λ;±〉 = (−1)J± 12 |J, λ;±〉, (10)
where we have defined
η ≡ ηkηp(−1)sk+sp+ 12 . (11)
They can be used to project out helicity amplitudes with
parity (−1)J± 12 :
T J±λ′λ ≡ 〈J, λ′;±|T |J, λ;±〉 = T Jλ′λ ± ηT Jλ′−λ , (12)
with
T Jλ′λ(
√
s) ≡ 〈λ′|T J(√s)|λ〉
= 2π
∫
d(cosϑ)dJλλ′ (ϑ)〈ϑ, ϕ = 0, λ′|T |00, λ〉 .
4Total piN 2piN ηN KΛ KΣ ωN
3.08 3.78 6.95 1.78 2.05 2.43 2.53
TABLE I: χ2 per degree of freedom from the present calcula-
tion for piN → X with X as given in the table.
In eqn. (12) we have used, that for parity conserving
interactions T = Pˆ−1T Pˆ :
〈J,−λ′|T |J,−λ〉 = η(η′)−1〈J, λ′|T |J, λ〉 . (13)
The helicity amplitudes T J±λ′λ have definite, identical J
and definite, but opposite P . As is quite obvious this
method is valid for any meson-baryon final state combi-
nation, even such cases as, e.g., ωN → π∆. In the case
of πN → πN the T J±λ′λ coincide with the conventional
partial-wave amplitudes: T J±1
2
1
2
≡ Tℓ±.
IV. COMPARISON WITH EXPERIMENT
For the fitting procedure we modified the data set used
in Ref. [4] in the following way.
For πN → πN we used the updated single-energy
partial-wave analysis SM00 [18]. For 2πN , ηN , and KΛ
we continue to use the same database as in [4]; however,
for ηN the data from [19] and for KΛ the data from [20]
were added. For KΣ production we used the total cross
section, angle-differential cross section, and polarization
data from [21] and from the references to be found in
[10].
Furthermore, we have included all the πN → ωN data
in the literature [22, 23, 24, 25]. At this point we wish to
stress that we do not follow the authors of Refs. [9, 26] to
“correct” the Karami [24] data. The authors of [9] have
claimed that the method used in [22, 23, 24] to extract
the two-body cross section from the count rates was in-
correct. However, a careful reading of Ref. [22] reveals
that the two-body cross sections were indeed correctly
deduced and the peak region of the ω spectral function
is well covered even at energies close to the ω production
threshold. The conclusion of Ref. [9] can be traced back
to the incorrect reduction of the integration over the ω
spectral function to the experimental averaging over the
outgoing neutron c.m. momentum interval binning; a
detailed discussion can be found in [27]. See also the
discussion about the πN inelasticities below.
The results presented in the following are from ongoing
calculations to describe the data of all channels simulta-
neously (cf. Table I). The coupling set used for the pre-
sented results leads to an overall χ2 of 3.08 per degree of
freedom (by comparison to a total of 2360 data points).
As can be seen in Figs. 3 and 4 our calculation is in
line with all total and also with the differential ωN cross
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FIG. 3: pi−p → ωn total cross section. The contribu-
tions of various partial waves are given by JP = 1
2
−
(S11):
dashed line; 1
2
+
(P11): dotted line;
3
2
+
(P13): dash-dotted line;
3
2
−
(D13): dash-double-dotted line (in brackets the piN nota-
tion is given). The sum of all partial waves is given by the
solid line. For the data references, see text.
sections of Refs. [22, 23, 24]3. To get a handle on the
angle-differential structure of the cross section for ener-
gies
√
s ≥ 1.8 GeV we also extracted angle-differential
cross sections from the corrected cosine event distribu-
tions given in Ref. [25] with the help of their total cross
sections. These data points strongly constrain the nu-
cleon u-channel contribution because of the decrease at
backward angles; see the end of this section. Moreover,
for these energies the contribution of the ρ exchange con-
tribution leads to an increasing forward peaking behav-
ior.
The total ωN cross section (cf. Fig. 3) is domi-
nantly composed of two partial waves contributing with
approximately the same magnitude JP = 32
−
(D13) and
3
2
+
(P13), and also a smaller
1
2
+
(P11) contribution, while
the 12
−
(S11) partial wave is almost negligible (in brack-
ets the πN notation is given). The main contribu-
tions in these partial waves stem from the D13(1950),
the P13(1720), the nucleon, and the P11(1710). The
D13(1950) is especially interesting, since it is only listed
in the PDG [14] at 2.08 GeV, but was already found
as an important contribution in πN and KΛ channels
(cf. [4, 13]) at around 1.95 GeV. In our calculation it
turns out to be an important production mechanism as
well, in particular at threshold. These findings are also
contrary to the conclusions drawn in [24]. Guided by
their angle-differential cross sections they excluded any
3 The total cross sections given in Refs. [22, 23] are actually angle-
differential cross sections (mostly at forward and backward neu-
tron c.m. angles) multiplied by 4pi.
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FIG. 4: pi−p→ ωn differential cross section. Data are from •: [22, 23], ◦: [24], and ✷: [25]. For the data points extracted from
Ref. [25] see text. At energies
√
s ≥ 1.8 GeV also a calculation with gNNω = 7.98, κNNω = −0.12 is shown (dashed line).
noticeable J = 32 effects and deduced a production mech-
anism that is dominated by J = 12 contributions. How-
ever, our coupled-channel calculation shows that their
angle-differential cross sections can indeed be described
by dominating 32
−
and 32
+
waves. Furthermore, since
the data in all other channels (including πN inelastici-
ties and 2πN partial wave cross sections in the isospin- 12
partial waves; see below) are also very well described in
the ωN threshold region (1.72 GeV <
√
s < 1.76 GeV),
our partial-wave decomposition of πN → ωN is on safe
grounds.
As a result of the coupled-channel calculation, the
opening of the ωN channel also becomes visible in the
inelasticity of the πN → πN channel. In figs. 5 and 6
the πN → πN inelastic
σinIJ± =
4π
k2
(
J +
1
2
)(
ImT IJ±1
2
1
2
−
∣∣∣T IJ±1
2
1
2
∣∣∣2
)
(14)
and the πN → 2πN partial-wave cross sections
σ2πIJ± =
4π
k2
(
J +
1
2
) ∣∣∣T IJ±1
2
1
2
∣∣∣2 (15)
are plotted together with experimental data from SM00
[18] and [28]. An IJP = 12
1
2
−
or 12
3
2
−
wave contribution
in the order of σωN ≥ 3 mb for 1.72 GeV ≤
√
s ≤ 1.74
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FIG. 5: piN → piN inelastic (◦ as extracted from SM00 [18],
calculation: solid line) and piN → 2piN partial-wave cross
sections (• as extracted by [28], calculation: dashed line),
both for I = 1
2
. For the discrepancy of piN → 2piN in the
3
2
+
(P13) partial wave between 1.52 and 1.725 GeV see text.
GeV as claimed in [9, 26] would also be in contradic-
tion with inelasticities extracted from πN → πN partial
waves: The 12
1
2
−
inelasticity around the ωN threshold is
already saturated by the 2πN and KΣ channels; a large
60
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FIG. 6: piN → piN inelastic (◦ as extracted from SM00 [18],
calculation: solid line) and piN → 2piN partial-wave cross
sections (• as extracted by [28], calculation: dashed line),
both for I = 3
2
.
ωN contribution would spoil the agreement between cal-
culation and experiment; the 12
3
2
−
inelasticity allows only
σωN1
2
3
2
− ≤ σin1
2
3
2
− − σ2π1
2
3
2
− ≈ 1 mb in this energy region.
At this point a remark on the IJP = 12
3
2
+
inelasticity
between 1.52 and 1.725 GeV is in order. This inelastic-
ity grows up to 4 mb below the ωN threshold, while the
2πN partial-wave cross section extracted by [28] is still
zero. At the same time all total cross sections from other
open inelastic channels (ηN , KΛ, and KΣ) add up to
significantly less than 4 mb. This indicates that either
the extracted 2πN partial wave cross section is not cor-
rect in the 12
3
2
+
partial wave or another inelastic channel
(i.e., a 3πN channel) contributes significantly to this par-
tial wave4. Note that we only observe this effect in this
partial wave and are also able to describe the inelasticity
and the 2πN data above the ωN threshold in the 12
3
2
+
partial wave. Therefore, we did not introduce an addi-
tional final state but effectively neglected the 12
3
2
+
2πN
data points in the energy region between 1.52 and 1.725
GeV.
Another coupled-channel effect shows up in the total
π−p → K0Λ cross section. As can be seen in Fig. 7
this channel exhibits a resonancelike behavior for energies
1.67 GeV≤ √s ≤ 1.73 GeV. However, this structure is
also caused by the opening of two new channels, which
take away the flux in the 12
−
and 32
+
partial waves. First,
around 1.69 GeV the KΣ channel opens up with a strong
IJP = 12
1
2
−
contribution. Second, around 1.72 GeV ωN
opens up with a small 12
1
2
−
but a strong 12
3
2
+
wave. The
4 The same problem was observed in a resonance parametrization
of piN → piN and piN → 2piN [29].
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FIG. 7: pi−p → K0Λ total cross section. See Fig. 3 for the
notation. For the data references, see text.
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FIG. 8: piN → KΣ total cross sections.
πN → KΣ cross sections are shown in Fig. 8. The pure
I = 32 channel π
+p → K+Σ+ is strongly dominated by
a 32
3
2
+
wave and also becomes visible in the 32
3
2
+
πN
inelasticity (cf. Fig. 6), while the other two channels
π−p → K0Σ0/K+Σ− show the strong 12 12
−
wave rise
just above threshold.
As mentioned above we also allowed for the nucleon
7LpiN2I2J M Γtot Γ
ωN
0 Γ
ωN
1
2
ΓωN3
2
ΓωN ΓωN of [2]
S11(1650) 1677.5 177 -0.224
a 0.0ab – – –
P11(1710) 1786.3 686 76 69 – 145 0.0 +5.3
−0.0
P13(1720) 1722.5 252 0.05 0.11 1.18 0.67 0.0 +1.7
−0.0
P13(1900) 1951.0 585 21 0 226 123 20.3+34.8
−0.0
D13(1950) 1946.0 948 162 0 289 226 39.7+56.3
−21.2
TABLE II: Masses, total, and ωN widths (see Eqn. (8)) for
I = 1
2
resonances coupling to ωN . All values are given in
MeV. For the ωN widths of ref. [2], we also cite the upper
and lower values of their extracted ranges. aThe couplings g1,
g2 are given.
bNot varied in the fit; see text.
Born contributions in πN → ωN usually leading to an
overestimation of the total cross section at higher ener-
gies. As can be seen in Fig. 2, the inclusion of rescat-
tering is mandatory to be able to describe the energy-
dependent behavior of the total πN → ωN cross section:
When we apply our best parameter set to a tree level
calculation — i.e., “rescattering” is only taken into ac-
count via an imaginary part in the denominator of the
resonance propagators — the calculation results in the
dotted line, which is far off the experimental data. This
shows the importance of “off-diagonal” rescattering such
as πN → ωN → πN or πN → KΛ→ ωN .
The values of the NNω couplings are mainly deter-
mined by the backward angle-differential cross section at
higher energies. During the fitting procedure these cou-
plings resulted in g1 = 4.50 and κ = g2/g1 = −0.70.
The total cross section exhibits almost the same behav-
ior when we use the values from [4] (g1 = 7.98 and
κ = −0.12; see the dashed line in Fig. 2); however, for
energies above
√
s = 1.8 GeV the angular dependence
(see the dashed line in Fig. 4) is not in line with ex-
periment anymore. The NN -meson cutoff value used for
all s- and u-channel diagram vertices (hence also for the
NNω vertex) resulted in ΛN = 1.15 GeV.
For the other background contribution in the ωN pro-
duction, i.e., the ρ exchange, we used the couplings
gωρπ = 2.056 (extracted from the ω → ρπ → π+π−π0
width), gNNρ = 5.56, and κNNρ = 1.58 — the latter val-
ues were extracted from the fit and are the same as in
calculating πN elastic scattering.
In Table II the resonance properties of those resonances
which couple to ωN are presented. In contrast to [2, 3, 8]
we also find strong contributions from the P11(1710) and
the P13(1720) resonances, where the latter one is located
just above the ωN threshold of 1.721 GeV. Our extracted
P11(1710) width is significantly larger than the PDG [14]
value of ≈ 100 MeV5, but consistent with the value of
480±230 MeV extracted by a resonance parametrization
5 Note that the width of this resonance as given by the references
in [14] ranges from 90 to 480 MeV.
of πN → πN and πN → 2πN [29]. The reason for these
large differences is the lack of a prominent resonant be-
havior in the upper energy region of the P11 πN → πN
partial wave. Thus the extraction of resonance parame-
ters is not well constrained by πN → πN alone. In our
analysis the large width comes to about one-fourth from
ωN and the remainder is due to 2πN (268 MeV), ηN
(160 MeV), and KΣ (71 MeV). In the latter two chan-
nels strong P11 contributions are needed to describe the
corresponding angle-differential cross sections and polar-
ization observables.
We can also compare our S11(1650) and P13(1720) cou-
plings to the one from [3, 8] if we choose to take the same
width for the P13, but only use the first coupling (g1).
While we find only a small S11 coupling of g1 = −0.22,
but a large value of g1 = 29.3 for the P13, [3, 8] found
−2.56 and 3.17, respectively. However, as is clear from
the discussion above, a strong P13 and a small S11 are
mandatory results of our coupled-channel analysis. For
the P11(1710), P13(1720), and D13(1950) also a compar-
ison to the VMD predictions of Ref. [6] is possible. The
authors of Ref. [6] used different photon helicity am-
plitude analyses to extract ranges for the RNω transi-
tion couplings under the assumption of strict VMD. Us-
ing their notation we find from our widths the following
couplings: P11(1710): 6.3 (0–1.22), P13(1720): 15.6 (0–
5.0), and D13(1950): 2.3 (0–2.6). In brackets, their VMD
ranges are given. As a result of the large uncertainties
in the photon helicity amplitudes, which are the input to
the calculation of [6], it is impossible to draw any conclu-
sion on the validity of strict VMD for these resonances.
V. CONCLUSIONS AND OUTLOOK
In this paper we have included the ωN final state
into our coupled-channel model and have investigated
whether it is possible to find a way to describe the
hadronic ωN data. The results of our calculations show
that for a description of the reaction π−p → ωN in line
with experimental data a unitary, coupled-channel cal-
culation is mandatory, and the resulting amplitude is
mainly composed of IJP = 12
3
2
−
(D13),
1
2
3
2
+
(P13), and
1
2
1
2
+
(P11) contributions, where the
1
2
3
2
−
dominates over
the complete considered energy range.
The next step in our investigation of nucleon resonance
properties within our coupled-channel K-matrix model
will naturally be the inclusion of photon induced data
to further pin down the extracted widths and masses.
The results of this study and also more details about the
calculation presented here will be published soon [16].
Furthermore, since the partial-wave formalism is now
settled, the inclusion of additional final states, in partic-
ular for a more sophisticated description of the 2πN final
state, as ρN or π∆ is rather straightforward. Also, by
the inclusion of several, e.g., ρN final states with differ-
ent masses mρ the width of the ρ meson (and similarly
for the ∆) can also be taken into account. Finally, inves-
8tigations concerning the inclusion of spin 52 resonances
are underway.
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